Congenital scoliosis is a developmental anomaly involving poorly formed or fused (Folia Morphol 2014; 72, 3: 389-394) 
INTRODUCTION
Scoliosis is a common musculoskeletal disorder, affecting approximately 4% of the population and is characterised by an excessive lateral curvature of the vertebral column [18] . Scoliosis is traditionally classified as neuromuscular, congenital or idiopathic. Neuromuscular scoliosis can result from upper or lower motor neuron disease, muscular dystrophy or other myopathies [11] . Congenital scoliosis (CS) is a less common developmental malformation of the vertebral column (1:1000) [20] which results from abnormal segmentation of embryonic sclerotome masses [17] and is commonly accompanied by rotational displacement [7, 11, 13, 19] . The characteristic lateral curvature of CS is attributed to poorly formed or unsegmented vertebra (hemivertebra or unilateral unsegmented bars [UB], respectively). CS involving UB can result in severe curves which extend well beyond the bony defects and such defects can further impact volume of the thoracic cage and respiratory movements [6, 15] . Although there is extensive literature on causes, severity and management of scoliosis, there are no reports on the alterations of the soft tissue surrounding the vertebral defects or detailed descriptions of dissected specimens (but see Gillaspy and Van Renterghem [8] , who provide a post-mortem study of the vertebral column from a patient with CS). Herein is described a detailed, layer by layer dissection of back muscles and examination of the axial skeleton from a 47-year-old male with severe CS.
CASE REpORT
A 47-year-old male cadaver was donated to the school's anatomy laboratory for dissection. The cause of death was documented as respiratory failure secondary to aspiration pneumonitis. The patient was non-ambulatory with a medical history significant for lumbar spina bifida and mental retardation of unknown severity. Medical documentation of the patient's scoliosis progress was unavailable.
On gross appearance, the cadaver was cachectic with obvious severe scoliosis (Fig. 1A ). There was a rightward side bending at the cervico-thoracic junction and a left-ward side bending curve involving the inferior thoracic and superior lumbar segments (see dashed line in Fig. 1A ). Surgical scars were present at the lumbosacral junction and hip from previous surgical procedures (i.e. surgical correction of spina bifida). The subject did not show any outward signs of other congenital anomalies and there were no observed cutaneous abnormalities (e.g. patches of hair, red nevus or telangiectasis) of the skin overlying the vertebral column. Postmortem radiographs (Fig. 1B) further documented both a cervico-thoracic curve and a thoraco-lumbar curve accompanied by a significant rotational defect (see arrow in Fig. 1B) . Severity of the curves was estimated by the Cobb method [4] . The cervico-thoracic curve (T2-C6) revealed an angle of 16° with no rotation while the thoraco-lumbar curve (L2-T8) measured 131° with significant rotation (4+ in the middle of the curve).
Removal of the skin and superficial fascia from the back revealed the trapezius and latissimus dorsi muscles (see arrows in Fig. 2A ). Closer examination of the thoracic spine revealed significant misalignment of thoracic spinous processes (see asterisk in Fig. 2B ) and marked asymmetry in the trapezius, latissimus dorsi ( Fig. 2A) and rhomboids (not shown). Reflection of the superficial back muscles revealed the full extent of the erector spinae group (Fig. 2C ), which were arranged in a tortuous manner. On the left side this muscle was severely atrophied and in many regions existed as only tendinous insertions (see white arrow in Fig. 2C ). On the right side, the erector spinae had a typical fleshy muscle belly but because of the thoraco-lumbar curvature, the tendons of the iliocostalis muscle inserted in a radial manner (see black arrows in Fig. 2C ). Removal of the erector spinae muscles revealed the multifidus (Fig. 2D) . Again, on the left side the multifidus was atrophied (see white arrow in Fig. 2D ) and could not be identified superior to the tenth thoracic spinous process. On the right, the multifidus was more typical in appearance (see black arrow in Fig. 2D ) but at many levels existed only as tendinous slips. The remaining deep back (rotatores, semispinalis, levator costarum and splenius) and suboccipital muscles were typical and relatively symmetric (not shown). Beyond the effects of diminished thoracic volume, there were no obvious congenital anomalies affecting the thoracic and abdominal organs and the organs of the body cavity appeared normal. Removal of the brain revealed an enlarged foramen magnum and herniation of the cerebellar tonsils inferior to the foramen magnum, consistent with a Chiari type 1 malformation. The remaining soft tissue was removed from the vertebral column, thoracic cage and pelvis to more effectively examine the bony defects. In general, all of the bones appeared to be especially porotic, and this was most notable in the manubrium, sacrum and iliac crests (Fig. 3) . Examination of the articulated pelvis revealed marked asymmetry between the two pelvic bones (Fig. 3B) . Further inspection revealed that the left acetabulum was malformed and there were bony abnormalities observed at the right and left iliopectineal eminences that suggested compression defects (Fig. 3B) . Further, the sacrum was angled such that the right anterior sacral foramina were anterior and inferior to those on the left (Figs. 3B, C) and the foramina of the fourth sacral segment were nearly imperceptible (see white arrow in Fig. 3C) . Examination of the thoracic cage revealed a significant asymmetry in the size of the pulmonary cavities (Fig. 4A) . Notably, on the left side the average intercostal space measured 0.3 cm while on the right side the intercostal spaces averaged 2.75 cm. Further, on the left side the last rib was apposed to the iliac crest while on the right side this interval measured 20.32 cm (see Fig. 1B) . Examination of the vertebral column revealed multiple bony defects and an additional lumbar vertebra. At C4-C6 there was notable growth of osteophytes from the right side of the vertebral bodies. At C7 and T1, there was a fusion defect . 4B ); C. The erector spinae were asymmetric: the left side (white arrow) was atrophied, while the right side (black arrow) had normal bulk, but the iliocostalis tendons inserted in a radial manner (arrows); D. The multifidus muscle was also asymmetric: the left side was atrophied (white arrow) while the right side was more typical (black arrow). There was a fusion defect involving C7 and T1: the lamina of these vertebrae were fused on the left side (arrow) and gave rise to 3 spinous processes (asterisks). The L3 and L4 vertebrae lacked spinous processes (arrow in C) and the L5 and L6 posterior arches were angulated to the right side of the vertebral body (dashed lines in panel D). The 6-segment spanning unsegmented bar is shown in panel E. The articular pillars were fused on the left side such that no synovial articulations were found (arrows in panel E). (Fig. 4B) . On the right side, the lamina of both vertebrae ended as separate spinous processes; however, on the left side, both lamina coalesced to form a fused spinous process (see arrow in Fig. 4B ; see also asterisk in Fig. 2B) . As a result, three spinous processes were formed between these two vertebrae (see asterisks in Fig. 4B) . From T3 to T9, the spinous processes and lamina were asymmetric and were directed to the left of the midline. The L3 and L4 vertebrae lacked spinous processes (see arrow in Fig. 4C ) and the spinous processes and lamina of L4-L6 were asymmetric and were oriented to the right of the midline (see dashed line in Fig. 4D ). The largest bony defect involved T10-L3, which included an UB involving the articular processes (T10-L3) and lamina (T12-L3; arrows in Fig. 4E ). Thus, there were no facet joints on the left side from T10 to L3. Additionally, there was an incomplete facet joint present on the left between T10 and T11. Finally, there was partial fusion of the facet joint between L2 and L3 on the right side.
DISCUSSION
This case study describes the detailed dissection of the superficial, intrinsic back muscles, thoracic cage, vertebral column and pelvis from a 47-year-old male with severe CS due to multiple bony defects. Although detailed computed tomography reconstructions might be able to provide resolution adequate to make some similar observations, detailed dissection permitted evaluation of individual muscle layers and attachments and drying the bones permitted unobstructed examination of bony defects and subtle bony changes (i.e. porosity). In this case of severe scoliosis there was marked asymmetry of the superficial back muscles and significant atrophy of the intrinsic back muscles on the concave side. Quantification of the intercostal spaces revealed a significant impact of vertebral curvature on the thoracic cage. Specifically, we identified reduced thoracic volume and nearly obliterated intercostal spaces on the left side.
The bones from this cadaver appeared to be especially porous suggesting a lower bone mineral density (BMD). While BMD was not measured in this specimen, scoliosis is known to be associated with lower BMD [3, 5, 22] . Specifically, Zhu et al. [22] measured the BMD of individuals with CS at the femoral neck and L2-4 spine and reported a significantly lower BMD compared to age matched controls. Further, it is well understood that mechanical load correlates with BMD [9] . The severity of the scoliotic curves in this cadaver (and his history) indicated severely limited mobility, resulting in decreased weight-bearing on his vertebral column and pelvis likely contributing to decreased BMD.
This specimen had two major vertebral fusion anomalies, including a large UB extending from T10 to L3. Thus, the UB in this patient extended over 6 vertebral segments. UB anomalies span, on average, 3 vertebral segments but have been observed to extend over 8 vertebral segments [15] . Further, UBs are known to have significant curve progression and poor prognosis [14, 16, 19, 21] . It has been suggested by Lonstein et al. [12] that previous reports of decreased glycosaminoglycan levels at the level of the apex of the scoliotic curve likely contribute to this progressive worsening of curvatures. Finally, progression and prognosis of CS with an UB is likely attributed to the fact that regions of UBs lack growth plates and these regions therefore do not grow longitudinally [15] .
According to previous work, malformations of the ribs, chest cavity, and scapulae are often a common finding with severe scoliosis [1, 2, 8, 10] . Additionally, it has been suggested that when spinal deformities are severe, thoracic insufficiency syndrome is often present as the thorax is unable to support normal respiratory movements [6] . It appears that the observed asymmetry in the thoracic cavities contributed significantly to the patient's respiratory failure. Based on these observations of asymmetry and atrophy of superficial and deep back muscles, it appears that the musculo-fascial system may require special attention in treatment of CS and that therapies directed towards musculoskeletal structures beyond observed bony defects might provide an avenue to address and/or improve respiratory function in patients with CS.
